Abstract. The aim of the present study was to investigate the associations between microRNA (miR)-200b and sex determining region Y-box 2 (SOX2) expression with gender, age, clinical staging and pathological staging in 123 patients with glioma. The results revealed higher miR-200b expression levels in the glioma tissue than in the normal brain tissues, and a reduction in miR-200b expression with increasing pathological grading of the gliomas. Immunohistochemistry revealed a 53.7% gross expression rate of SOX2 in the glioma tissues. SOX2 and miR-200b expression levels were significantly correlated with the histological grading of the gliomas (P<0.05); however, no associations were observed with patient gender, age, pathological classification or clinical staging of the glioma (P>0.05). In patients with grade I and II gliomas, no correlation was detected between miR-200b and SOX2, while a significant correlation was observed in grade III and IV gliomas. A median 52-month follow-up revealed 1-, 3-and 5-year gross survival rates of 82.1, 50.0 and 30.7%, respectively, in the 123 patients with a glioma. Univariate analysis revealed no association between survival rate and patient age, gender, Karnofsky Performance Scale score, histological grading or clinical staging (P>0.05). However, miR-200b and SOX2 were independent prognostic factors for glioma (P<0.05). Patients with positive SOX2 expression exhibited a significantly reduced 5-year survival rate, compared with those with negative SOX2 expression (P<0.001). Furthermore, a significantly higher 5-year survival rate was observed in patients with high miR-200b expression than those with low miR-200b expression (P<0.001). The results indicated that SOX2 and miR-200b expression levels are associated with the histological grading of gliomas, but do not correlate with patient gender or age, or the pathological classification or clinical staging of the gliomas. Thus, miR-200b and SOX2 offer useful independent prognostic factors for glioma.
Introduction
A glioma is a tumor of the brain or spinal cord, which occurs most commonly in the brain (1) . Gliomas account for ~30% of all brain and central nervous system tumors, and are the largest group of primary brain tumors (2) . According a previous report (3), the annual incidence of gliomas is ~4/100,000, which accounts for 1.9% of the total tumor incidences worldwide (4) . Gliomas are typically characterized by rapid growth, high infiltration and difficulty in surgical resection, and the majority of patients with gliomas are diagnosed at stage IV (5) . Currently, the treatment of gliomas primarily consists of surgical resection and postsurgical radiotherapy and chemotherapy. However, there are a number of side effects associated with these treatments, resulting in poor efficacy and final clinical outcomes (6, 7) . It has been estimated that >50% of patients with a glioma succumb within one year of diagnosis (5) . In addition, the pathogenesis underlying gliomas remains unclear (8) . Therefore, an improved understanding of the molecular pathogenesis of gliomas may be useful for the improvement of treatment efficacy and the development of novel treatment schemes.
A microRNA (miRNA or miR) is a small non-coding RNA molecule, which is produced by endogenous transcripts and contains 19-25 nucleotides. miRNAs have been implicated in the regulation of gene expression, and are known to be key regulators of various biological and metabolic processes in humans (9) . Previous studies have indicated that miRNAs are involved in a range of physiological processes in tumor cells, including cell differentiation, apoptosis and metabolism, which play a crucial role in tumor development and progression (10) (11) (12) . Furthermore, numerous studies have indicated that miRNAs are involved in the pathogenesis of gliomas, and may subsequently be useful in the diagnosis and treatment of (13) (14) (15) (16) (17) (18) . However, to the best of our knowledge, the role of miR-200b in the pathogenesis of gliomas remains unknown. Sex determining region Y-box 2 (SOX2) is a transcription factor that is essential for maintaining the self-renewal, or pluripotency, of undifferentiated embryonic stem cells (19) . As a member of the Sox family of transcription factors, SOX2 serves key functions during embryonic development and is involved in cancer stem cell maintenance, in which the transcription factor impairs cell growth and tumorigenicity (20, 21) . SOX2 is known to be involved in the development and progression of multiple types of tumor, in which aberrant SOX2 expression has been detected (22, (23) (24) (25) (26) . In addition, SOX2 has been demonstrated to be a glioma-specific marker and a potential target for therapy (27) (28) (29) (30) .
In the current study, the expression levels of miR-200b and SOX2 were determined in glioma tissues. Subsequently, the associations between miR-200b and SOX2 expression with patient gender and age, and the clinical staging and pathological staging of the gliomas, were analyzed. In addition, the associations between miR-200b and SOX2 expression with the prognosis of patients with a glioma were assessed.
Subjects and methods
Study subjects. Medical records of 123 patients with a primary glioma were collected from the Henan Provincial People's Hospital (Zhengzhou, China). All subjects had a definite diagnosis of glioma and complete medical records. The performance status of the subjects was scored according to the Karnofsky Performance Scale (KPS) scoring system, with a score range between 0 and 100. The scoring system was defined as follows: 100, normal, no symptoms or evidence of disease; 90, able to perform normal activity, minor signs or symptoms of disease; 80, normal activity with effort, certain signs or symptoms of disease; 70, able to care for self, unable to perform normal activity or to do active work; 60, requiring occasional assistance, but able to care for the majority of personal needs; 50, requiring considerable assistance and frequent medical care; 40, disabled, or requiring special care and assistance; 30, severely disabled, hospital admission, although not in a critical condition; 20, notably sick, hospital admission necessary or active supportive treatment necessary; 10, moribund, or fatal processes progressing rapidly; 0, mortality. Pathological staging of the glioma was performed using the tumor, node, metastasis staging system, while the glioma tissue was graded and classified according to the tumor grading system outlined by the World Health Organization (31) . Surgically dissected glioma specimens were fixed in 10% neutral formalin and embedded in paraffin wax for the subsequent experiments.
Immunohistochemical detection of SOX2 in glioma specimens. Glioma specimens were surgically dissected, fixed in Bouin's solution (Sigma-Aldrich, St Louis, MO, USA) for 1 h, rinsed with phosphate-buffered saline and dehydrated in a series of 70, 80, 95 and 100% ethanol. Subsequently, the specimens were cleared with xylene, embedded in paraffin wax and cut into sections. Normal brain tissues, adjacent to the glioma tissues were also excised and served as controls. The sections were treated with citrate antigen retrieval solution for 60 min in a humidity chamber (Henan Yuantong Chemical Co., Ltd., Anyany, China) in order to unmask the epitopes. Mouse anti-SOX2 polyclonal antibody (cat. no. sc-17320; 1:100; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) was added to the sections and incubated overnight at 4˚C. Detection was performed with biotinylated goat anti-mouse IgG secondary antibody (cat. no. 115-065-003; 1:100; Santa Cruz Biotechnology, Inc.), using the avidin-biotin-peroxidase technique with 3,3'-diaminobenzidine (Dako Denmark A/S, Glostrup, Denmark) as a chromogen. The tissue samples were counterstained with Lillie-Mayer's hematoxylin. The proportion of SOX2-positive cells was determined by counting all the cell nuclei, in addition to the nuclei positively stained for SOX2, in three randomly selected high-power fields using an Eclipse 80i microscope (Nikon Corporation, Tokyo, Japan; magnification, x400) in the tumor core of each sample. Proportions of SOX2-positive cells at 0-10%, 10-30%, 30-70% and >70% were scored 0, 1, 2 and 3, respectively. Score 0 indicated SOX2-negative expression and scores 1, 2 and 3 indicated SOX2-positive expression.
miR-200b amplification and quantification using reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from the glioma tissues using standard procedures (TriPure Reagent; Roche Diagnostics GmbH, Mannheim, Germany). miR-200b was amplified using the following forward primer, CGT AAC ACT GTC TGG TAA CGA TGT; and U6 was used a control with the following former primer, CTC GCT TCG GCA GCA CA. The reverse primers are defined in the EXPRESS SYBR GreenER miRNA RT-qPCR kit (Life Technologies, Grand Island, NY, USA). All primers were synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. (Shanghai, China). PCR amplification of miR-200b was performed in a 20-µl system containing 10 µl SYBR Premix DimerEraser (Takara Biotechnology Co., Ltd., Dalian, China), 1.5 µl forward primer (20 µmol/l), 1.5 µl reverse primer (20 µmol/l), 0.4 µl ROX Reference Dye II (Takara Biotechnology Co., Ltd.), 1 µl cDNA template and 5.6 µl ddH 2 O. The RT was conducted using the following protocol: Initial denaturation for 30 sec at 95˚C, followed by 45 cycles of denaturation for 5 sec at 95˚C, annealing for 30 sec at 60˚C and elongation for 30 sec at 72˚C. miR-200b expression levels were detected using qPCR in a 10-µl system that contained 5.0 µl qPCR SuperMix Universal (Takara Biotechnology Co., Ltd.), 0.2 µl miRNA-specific forward primer (10 µmol/l), 0.2 µl Universal qPCR Primer (10 µmol/l), 1.0 µl cDNA template and 3.6 µl RNase-free ddH 2 O. The reaction was conducted using the following protocol: Initial denaturation for 30 sec at 95˚C, followed by 45 cycles of denaturation for 10 sec at 95˚C, annealing for 15 sec at 55-60˚C, and elongation for 15-20 sec at 72˚C. The expression of miR-200b was normalized against that of U6. miR-200b relative expression levels <0.5 indicated low expression and >1 indicated high expression.
Ethical approval. This study was approved by the Ethics Review Committee of Henan Provincial People's Hospital (ERC-000117). Written informed consent was obtained from all the participants prior to the study.
Statistical analysis.
All statistical analyses were performed using SPSS statistical software, version 17.0 (SPSS, Inc., Chicago, IL, USA). Differences were assessed for statistical significance using the χ 2 or Fisher's exact test. In addition, correlation analysis of ranked data was performed using the Spearman rank correlation test, while survival analyses were performed using the Kaplan-Meier survival curve approach and the Cox regression model. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-200b expression levels are increased in glioma tissues
compared with normal brain tissues. qPCR analysis detected increased miR-200b expression levels in the glioma tissues when compared with the normal brain tissues. Furthermore, a reduction in miR-200b expression was observed to correlate with the increasing pathological grade of the gliomas, with the lowest expression detected in grade IV gliomas (Fig. 1) . Thus, the results demonstrated that miR-200b expression levels may correlate with the malignancy of the gliomas, with reduced miR-200b expression detected in gliomas with an increased malignancy.
SOX2 expression levels in the glioma specimens.
Immunohistochemical analysis revealed that SOX2 expression was predominantly positive in the nuclei, while SOX2 was rarely expressed in the cytoplasm. The gross expression rate of SOX2 in the glioma tissues was 53.7% (66/123; Fig. 2 ).
Association between SOX2 and miR-200b expression with clinicopathological characteristics of patients with gliomas.
Of the 123 patients with gliomas, 55 were male and 68 were female, with a median age of 41 years (range, 31-80 years). Histological classification indicated an astrocytoma in 38 cases (30.89%), glioblastoma in 53 cases (43.08%) and ependymoma in 32 cases (26.01%). Furthermore, histological grading revealed grade I in 25 cases, grade II in 27 cases, grade III in 57 cases and grade IV in 14 cases (Table I) . SOX2 and miR-200b expression levels were observed to correlate with the histological grading of the gliomas (P=0.002 and 0.004, respectively). However, no associations were identified with the patient gender or age, or the pathological classification and clinical staging of the gliomas (P>0.05).
Correlation between miR-200b and SOX2 expression levels in glioma tissues. No statistically significant association was observed between miR-200b and SOX2 expression levels in grade I and II gliomas; however, a significant correlation was detected between miR-200b and SOX2 expression levels in grade III and IV glioma tissues (Table II) .
Association between miR-200b and SOX2 expression with the prognosis of patients with a glioma.
A total of 123 patients with a glioma were followed-up until December 29, 2009 , with a median follow-up period of 52 months (range, 7-69.5 months). The gross 1-, 3-and 5-year survival rates were 82.1, 50.0 and 30.7%, respectively. Univariate analysis indicated no association between the patient survival rate and the patient age, patient gender, KPS score, histological grading and clinical staging of the glioma (P>0.05). However, univariate and multivariate analyses indicated that miR-200b and SOX2 expression levels were independent prognostic factors for gliomas (Table III) .
The 5-year survival rate in the glioma patients who exhibited positive SOX2 expression was significantly reduced compared with patients with negative SOX2 expression (P<0.001). In addition, subjects with high miR-200b expression levels exhibited a significantly increased 5-year survival rate compared with patients with low miR-200b expression levels (P<0.001; Fig. 3 ). In the patients with a grade I-II glioma, no statistically significant differences were observed in the 5-year survival rates between the cases with high and low miR-200b expression levels ( Fig. 4A and B) , or with positive and negative SOX2 expression (P>0.05; Fig. 5A and B) . However, grade III-IV glioma patients with high miR-200b expression levels exhibited a significantly higher 5-year survival rate compared with patients with low miR-200b expression levels (P<0.05; Fig. 4C and D) . Furthermore, grade III-IV glioma patients with positive SOX2 expression exhibited a significantly reduced 5-year survival rate compared with patients with negative SOX2 expression (P<0.05; Fig. 5C and D) . 
Discussion
As the most common type of malignant brain tumor, gliomas are characterized by high invasion, proliferation and angiogenesis ability (1). Patients with a glioma are estimated to have a median survival time of ~16 months following surgery, chemotherapy and radiotherapy (32, 33) . The poor prognosis of glioma patients has been primarily attributed to the presence of drug-resistant cells that have a low proliferative capacity in the glioma, which are insensitive to current treatments (34, 35) . There are a small number of cancer stem cells with a self-renewal and unlimited differentiation potential, termed glioma stem cells (GSCs), which are involved in infiltration, metastasis, chemoresistance and tumor recurrence (36) . Therefore, demonstration of the characteristics of the GSCs and the mechanisms underlying their roles in Table I . Associations between miR-200b and SOX2 expression with the clinicopathological characteristics of glioma patients. tumorigenesis may facilitate the identification of novel treatment approaches (37) . miRNAs serve crucial functions in tumorigenesis, angiogenesis, invasion and apoptosis for various types of tumor (10) (11) (12) . Previous studies have identified the dysregulation of specific miRNAs in malignant gliomas, and numerous miRNAs are known to be involved in the pathogenesis of gliomas, with a number useful for the diagnosis and treatment of gliomas (13) (14) (15) (16) (17) (18) . miR-21, one of the most common miRNAs identified by previous studies of gliomas, has been demonstrated to function as an antiapoptotic factor, which targets a network of p53, transforming growth factor-β and mitochondrial apoptosis tumor suppressor genes in glioblastoma cells (38, 39) . Plasma levels of miR-21, miR-128 and miR-342-3p have been recognized as potential novel biomarkers for glioma, since the expression levels of miR-128 and miR-342-3p have been shown to positively correlate with the glioma histopathological grade (40) . In addition, miR-21 has been detected in glioma cells and tumor blood vessels, and miR-21 expression in tumor cells indicates unfavorable prognostic value in gliomas (41) . miR-10b is known to be overexpressed in the majority of glioblastoma cases, whereas the miRNA is not detected in normal brain tissue (42) . A further study indicated that miR-10b induced glioma cell invasion by modulating the expression of the tumor invasion factors, matrix metalloproteinase-14 and urokinase receptor, via the direct target, homeobox D10. Glioma cells were observed to lose their invasive ability in response to treatment with specific antisense oligonucleotides Table II . Associations between miR-200b and SOX2 expression and the grade of glioma. (miR-10b inhibitors), suggesting that miR-10b may be useful as a novel biological target for the treatment of glioma (43) . Collectively, these results indicate that the coinhibition of miR-21 and miR-10b may be an effective therapeutic strategy for controlling the growth of human glioma cells by inhibiting oncogene expression and overexpressing tumor suppressor genes (44) . Furthermore, previous studies support the hypothesis that miR-128 may exert a therapeutic effect by suppressing proliferation and enhancing the differentiation of glioma initiating cells (45) (46) (47) . However, to the best of our knowledge, the precise function of miR-200b in gliomas remains unclear. SOX2 has been demonstrated to be involved in the development and progression of various types of tumor, in which aberrant SOX2 expression has been detected (22) (23) (24) (25) (26) . In addition, the abundant and glioma-restricted overexpression of SOX2, as well as the generation of SOX2-specific and tumor-reactive cytotoxic T lymphocytes, has identified this antigen as a potential target for T-cell-based immunotherapy A B of glioma (30) . SOX2-silenced glioblastoma tumor-initiating cells have been shown to inhibit proliferation and mitigate tumorigenicity in immunodeficient mice, indicating that SOX2, or its immediate downstream effectors, may be an ideal target for glioblastoma therapy (48) . In addition, SOX2 has been identified as a marker for undifferentiated and proliferating cells, with its expression upregulated in the most markedly anaplastic areas of glioblastomas and oligodendrogliomas (28) . In mouse models (49) , high expression of miR-21 has been observed during embryonic and newborn brain development, followed by a gradual reduction until undetectable at postnatal day 7, which correlates with SOX2 expression. miR-21 and SOX2 exhibited upregulation and an overlapping expression pattern in RCAS/tv-a generated mouse brain glioma specimens. Following the irreversible depletion of miR-21, the expression of SOX2 was markedly reduced in mouse primary glioma cultures and human glioma cell lines. Therefore, miR-21 and SOX2 were concluded to be strongly regulated during embryogenesis, and define a distinct population of putative tumor cells (49) . The results of the present study revealed higher miR-200b expression levels in the glioma tissues, as compared with the normal brain tissues. Furthermore, a reduction in miR-200b expression was observed to correlate with an increased pathological grade of the glioma, with the lowest expression observed in grade IV glioma cases. These results indicate that miR-200b is involved in glioma development and progression, and functions as a tumor suppressor gene. Immunohistochemical analysis revealed a 53.7% gross expression rate of SOX2 in the glioma tissues. SOX2 and miR-200b expression levels were shown to significantly correlate with the histological grading of the gliomas (P<0.05); however, no associations were observed with regard to patient gender, age, pathological classification or clinical staging of gliomas (P>0.05). In patients with grade I and II gliomas, no correlation was detected between miR-200b and SOX2 expression levels, while a significant correlation was observed in grade III and IV gliomas. A median 52-month follow-up revealed 1-, 3-and 5-year gross survival rates of 82.1, 50.0 and 30.7%, respectively, in the 123 glioma patients. Univariate analysis revealed no associations between the patient survival rate and the patient age or gender, KPS score, histological grading and clinical staging (P>0.05). However, univariate and multivariate analyses suggested that miR-200b and SOX2 were independent prognostic factors of gliomas (P<0.05), which is consistent with previous studies (28, 29) .
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Kaplan-Meier survival curve estimates and Cox regression analysis indicated that the glioma patients with positive SOX2 expression possessed a significantly reduced 5-year survival rate compared with patients with negative SOX2 expression (P<0.001). A significantly higher 5-year survival rate was observed in the subjects with high miR-200b expression levels compared with patients with low miR-200b expression levels (P<0.001). In the patients with a grade I-II glioma, no statistically significant differences were observed in the 5-year survival rate between the cases with high and low miR-200b expression levels, or with positive and negative SOX2 expres- In conclusion, SOX2 and miR-200b expression levels are associated with the histological grading of glioma; however, no associations were observed with the patient gender and age, or the pathological classification and clinical staging of the glioma. In addition, miR-200b and SOX2 may be used as independent prognostic factors for glioma.
